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Ultrasound dilution evaluation of pediatric hemodialysis
vascular access
STUART L. GOLDSTEIN and AMELIA ALLSTEADT
Baylor College of Medicine and Texas Children’s Hospital, Houston, Texas, USA
Ultrasound dilution evaluation of pediatric hemodialysis vascu- occurs as a result of decreased access flow caused by a
lar access. stenosis of the access venous outflow tract [3–5].
Background. Hemodialysis access thrombosis is a significant Substantial clinical research has been performed overcause of morbidity for hemodialysis patients and results from
the past decade to devise methods to assess vasculardecreased access flow caused by venous outflow tract stenosis.
access outflow stenosis in adult patients receiving hemo-Ultrasound dilution (UD) is a practical, noninvasive, and reli-
able indicator of access flow and is effective in predicting ve- dialysis. Many methods have significant drawbacks that
nous stenosis in adult patients receiving hemodialysis. preclude routine use. Venous Doppler ultrasound [6, 7]
Methods. The current study is the first to our knowledge to and magnetic resonance imaging [8] are very accurateevaluate the accuracy of UD in predicting hemodialysis access
but impractical and costly. Venous pressure monitoringstenosis in a pediatric hemodialysis population. Thirteen pedi-
[7, 9] and access recirculation [10] measurement mayatric patients receiving hemodialysis via permanent access (4
AVF and 9 AVG) received 73 UD measurements over three be late indicators of venous stenosis. While surveillance
months. venography is the gold standard for evaluating an access,
Results. Mean raw access flow (QA) was 720 6 428 mL/
it may be too invasive for routine monitoring, especiallymin, and mean corrected access flow (QAcorr) was 886 6 537
in small children.mL/min/1.73 m2. QAcorr was significantly lower in accesses
with stenosis (401 6 176 mL/min/1.73 m2) versus accesses with- Ultrasound dilution (UD) is a practical, noninvasive,
out stenosis (1158 6 330 mL/min/1.73 m2, P , 0.0001). Unlike and reliable indicator of vascular access flow that has
flow values reported by raw QA, there was no overlap in flow been used effectively to identify venous stenosis in adult
values reported by QAcorr in accesses with stenosis (174 to
patients receiving hemodialysis [7, 11, 12]. A month-to-579 mL/min/1.73 m2) versus accesses without stenosis (709 to
month decrease in access flow of greater than 15% or an1711 mL/min/1.73 m2). Two patients with an AVG who had
QAcorr less than 600 mL/min/1.73 m2 developed an access absolute access flow of less than 650 mL/min as measured
thrombosis within one week after UD measurement. No pa- by UD is associated with an increased risk of access throm-
tients with QAcorr greater than 700 mL/min/1.73 m2 developed bosis in adults [7, 11]. As part of a proactive vascularaccess thrombosis in the 30 days following UD measurement.
access management program, monthly UD measurementConclusions. The current study supports the use of monthly
can decrease thrombosis rates by leading to expeditiousUD measurement to prevent access thrombosis in children
receiving hemodialysis. referral for angioplasty to restore adequate access flow.
No published studies exist with respect to permanent
vascular access monitoring in children. In fact, as a result
Provision of hemodialysis depends on a properly func- of the dearth of data, the NKF-DOQI Vascular Access
tioning vascular access. Permanent vascular access in the Work Group could not make any recommendations with
form of an arteriovenous fistula (AVF) or graft (AVG) can respect to pediatric permanent vascular access manage-
function for many years and are preferred over indwelling ment [13, 14].
catheters in children [1]. Thrombosis of permanent ac- Pediatric patients receiving hemodialysis require spe-
cess is a significant cause of morbidity for the hemodialy- cial consideration. Cardiac output and resultant access
sis patient population [2]. In many instances, thrombosis flow parameters vary with patient age and size [15]. Any
method for access flow measurement must therefore ac-
count for the size variability seen in a pediatric dialysisKey words: venogram, dialysis access, stenosis, blood flow, thrombosis,
noninvasive measurement, children and dialysis. unit. Many children are often unable to cooperate with
invasive or time-intensive procedures. An ideal methodReceived for publication August 24, 2000
for monitoring venous stenosis in children must be non-and in revised form November 15, 2000
Accepted for publication January 12, 2001 invasive, quick, and reproducible. UD is a potentially
easy, noninvasive, and reliable measurement of accessÓ 2001 by the International Society of Nephrology
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flow that should be tolerated well by children. The cur- cesses and by standard blood sampling technique [19] in
five patients with decreased QAcorr (,700 mL/min/1.73rent study evaluates the accuracy of UD in predicting
AVG and AVF stenosis in a pediatric hemodialysis pop- m2; discussed later in this article).
Potential associations between access flow by UD andulation.
access stenosis were evaluated by unpaired t test. Rela-
tionships between access flow and Kt/V and between
METHODS
patient size and access flow were evaluated by correlation
Ultrasound dilution was performed prospectively coefficients or by unpaired t test when patients were
(HD01plus Hemodialysis Monitor; Transonic Systems, grouped on the basis of size. Improvement in QAcorr
Ithaca, NY, USA) to evaluate access flow in all children after angioplasty by UD was evaluated by a one-way
with an AVF or AVG who had been receiving chronic analysis of variance. A P value less than 0.05 was consid-
hemodialysis for at least two months in the Texas Chil- ered significant. UD measurement reproducibility was
dren’s Hospital Renal Dialysis Unit (Houston, TX, evaluated by the mean and median coefficient of varia-
USA) from April 2000 through July 2000. tion (SD/mean · 100%). A coefficient of variation ,10%
The same nurse (A.A.) performed all UD measure- was considered clinically acceptable [20].
ments during the first 60 minutes of the dialysis session.
The technique employs two reusable sensors, one of each
RESULTSattached to the venous and arterial line while the patient
is receiving hemodialysis. After the lines are temporarily Thirteen pediatric patients receiving hemodialysis via
permanent access (4 AVF and 9 AVG) received 73 UDreversed (to create recirculation) and ultrafiltration is
stopped, a 20 mL bolus of saline is injected quickly into measurements (2 to 12 UD determinations per patient)
during the study period. Mean patient weight was 47 6the venous line. The sensors are attached to a computer
that interprets the changes in Doppler velocity as the 10 kg (range 24.9 to 50.9 kg). Three patients weighed less
than 35 kg at the time of study. Mean body surface areahematocrit changes in relation to dialyzer blood flow.
The manufacturer provided software to account for cali- was 1.4 6 0.2 m2 (range 0.93 to 1.6 m2). Five patients were
less than 1.25 m2. Mean uncorrected access flow (QA)ber difference between adult- and pediatric-sized blood
tubing. was 720 6 428 mL/min, and mean corrected access flow
(QAcorr) was 886 6 537 mL/min/1.73 m2 for all 73 UDUltrasound dilution reports access flow (QA) results
in milliliter per minute. To adjust for patient size, raw measurements. Mean QAcorr was 848 6 598 mL/min/
1.73 m2 for patients #1.25 m2 (N 5 19 UD measurements)QA was corrected for body surface area and reported
as QAcorr in mL/min/1.73 m2. and 899 6 519 mL/min/1.73 m2 for patients .1.25 m2
(N 5 54 UD measurements, P 5 0.77). QAcorr did notContrast venography was performed as part of our unit
vascular access surveillance protocol. Well-functioning correlate with patient body surface area (r 5 20.03, P 5
0.77). All patients tolerated UD measurement withoutaccesses were screened every six months, while accesses
that were problematic or had a history of previous steno- adverse events.
Reproducibility of UD measurement was evaluated insis were screened every 6 to 12 weeks. To assess for a
relationship between access flow and stenosis, UD mea- 10 patients (5 with AVF and 5 with AVG; weight range
24.9 to 67.8 kg, 3 patients ,35 kg, mean raw QA 5 670 6surement was performed within one week of venogra-
phy. A stenosis with luminal occlusion of more than 50% 368 mL/min). The mean coefficient of variation was 6.5%.
Median coefficient of variation was 5.9%.was considered severe [7] and resulted in angioplasty.
Stenosis with less than 50% occlusion was considered Ten patients underwent 16 contrast venograms during
the course of study. As part of our unit protocol, repeat“not severe.”
The routine monthly Kt/V closest to the UD measure- venograms were scheduled and performed one month
after angioplasty to follow for stenosis in five patients. Onement was used to evaluate the impact of access flow on
hemodialysis adequacy. The delivered dose of dialysis patient underwent repeat venography after a month-to-
month 50% reduction in QAcorr was noted (discussedwas measured by single-pool Kt/V using the natural log
formula of Daugirdas [16, 17]. The percentage urea re- later in this article).
Eight studies demonstrated severe stenosis (.50%) inbound and double-pool Kt/V were derived using the
logarithmic extrapolation method of Goldstein and five patients. Interestingly, all stenoses occurred in pa-
tients larger than 1.25 m2. QAcorr was significantly lowerBrewer [18].
The reproducibility of UD measurement was evalu- in accesses with stenosis (401 6 176 mL/min/1.73 m2)
versus accesses without stenosis (1158 6 330 mL/min/ated separately for each of five patients with an AVG
or AVF by performing two UD measurements within 1.73 m2, P , 0.0001). Unlike flow values reported by
uncorrected QA (discussed later in this article), therefive minutes of each other.
Recirculation was measured by UD dilution in all ac- was no overlap in flow values reported by QAcorr in
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Table 1. Access flow and venogram comparisons
Access type/measurement .50% Stenosis ,50% Stenosis P value
All access/QA mL/min 3336144 8706321 ,0.001
(range) (150–480) (381–1350)
All access/QAcorr mL/min/1.73 m2 4016176 11586330 ,0.0001
(range) (174–579) (709–1711)
AVG only/QAcorr mL/min/1.73 m2 4016176 10276291 ,0.0005
accesses with stenosis (174 to 579 mL/min/1.73 m2) versus DISCUSSION
accesses without stenosis (709 to 1711 mL/min/1.73 m2). Provision of hemodialysis depends on a properly func-
Mean raw QA was also significantly lower in accesses tioning access. Inflow and outflow tract stenoses result
with stenosis (333 6 144 mL/min) versus accesses without in decreased access flow, predispose to access thrombo-
stenosis (870 6 321 mL/min, P , 0.001). However, there sis, and may cause decreased dialysis efficiency. In adult
was substantial overlap in the lower range of measured studies, UD has been proven an effective and noninva-
raw QA for access with stenosis (150 to 480 mL/min) sive access flow measurement method and an effective
and accesses without stenosis (381 to 1350 mL/min). Two tool as part of an access management strategy to prevent
raw QA values of less than 650 mL/min occurred in
access thrombosis [7, 11]. The current study is the firstone child weighing 25 kg who did not have stenosis by
to our knowledge to evaluate UD in a pediatric hemodi-venogram.
alysis population.Venography demonstrated stenosis only in patients
Our data demonstrate that UD is a reliable indicatorwith an AVG. QAcorr was still significantly lower in
of vascular access flow in children. Both the mean andAVG with stenosis (401 6 176 mL/min/1.73 m2) versus
median coefficient of variation (6.5 and 5.9%) wereAVG without stenosis (1027 6 291 mL/min/1.73 m2, P ,
within a clinically acceptable range of ,10%. When the0.0005).
uncorrected flow value reported by UD is corrected forFive patients with AVG received eight angioplasty pro-
patient body surface area, UD is predictive for the pres-cedures for severe stenosis (7 venous stenoses and 1 arte-
ence or absence of severe AV graft stenosis, regardlessrial stenosis). Mean QAcorr improved by 524 mL/min/
of patient size. Patients with AVG with QAcorr less than1.73 m2 (P , 0.001), and four of five patients had QAcorr
700 mL/min/1.73 m2 had severe stenosis demonstratedrestored to greater than 700 mL/min/1.73 m2 when mea-
on venogram, whereas patients with QAcorr of greatersured within 48 hours after angioplasty. The fifth patient
than 700 mL/min/1.73 m2 did not have severe stenosis.had an improvement from 528 to 666 mL/min/1.73 m2
after angioplasty; however, the subsequent QAcorr 25 All patients with severe stenosis underwent balloon angio-
days later decreased to 426 mL/min/1.73 m2, and a steno- plasty, and four fifths of these patients received significant
sis was again apparent on venography. improvement with resultant QAcorr above 700 mL/min/
One patient had a decrease in QAcorr from 1065 to 1.73 m2. Two patients with QAcorr of less than 600 mL/min/
555 mL/min/1.73 m2 that was associated with develop- 1.73 m2 developed access thromboses within one week
ment of severe stenosis documented by venography. after UD measurement.
Two patients with an AVG who had QAcorr of less Our data suggest that QAcorr of less than 700 mL/min/
than 600 mL/min/1.73 m2 developed an access thrombosis 1.73 m2 is predictive of AV graft stenosis and may be a
within one week after UD measurement. No patients critical minimum value in predisposing for access throm-
with QAcorr of greater than 700 mL/min/1.73 m2 devel- bosis. In children, a corrected critical flow value of 700
oped access thrombosis in the 30 days immediately fol- mL/min/1.73 m2 is similar to uncorrected values deter-
lowing UD measurement. mined to be critical in adults with permanent vascular
Mean spKt/V and eqKt/V were 1.45 6 0.12 (range 1.26
access. May et al demonstrated an increased relative riskto 1.69) and 1.25 6 0.24 (range 1.07 to 1.63), respectively.
of 1.67 in adults with access flow less than 650 mL/minSpKt/V, eqKt/V, and percentage urea rebound did not
[7]. Although raw uncorrected QA (mL/min) was alsovary with QAcorr. The mean ratio of delivered pump
predictive of stenosis in the current study, smaller pa-flow to corrected body surface area as measured by UD
tients without stenosis had raw QA values less than 700was 315 6 30 mL/min/1.73 m2 (range 261 to 384 mL/min/
mL/min. Thus, QAcorr is a more predictive access flow1.73 m2) and did not vary with QAcorr. Recirculation
measure for stenosis in children because patient size ismeasured by UD was ,2% in all patients. Recirculation
taken into account.measured by standard blood sampling technique was ,5%
At the time of this study, only four patients in ourin the five patients with QAcorr ,700 mL/min/1.73 m2.
pediatric unit received hemodialysis via an AVF. GivenAccess flow and venogram comparisons are listed in Ta-
ble 1. the small number of AVF available for study and the
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